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A three-dimensional topological insulator is an insulator in the bulk, but has conducting surface states that can be described by means of a Dirac cone in which the spin is locked to the electron momentum [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Electrons with opposite spin have opposite momenta, which suppresses backscattering, rendering these materials interesting for low power electronic devices. Combining the helical Dirac fermions with a superconductor [11] [12] [13] may lead to the artificial creation of the elusive Majorana fermion [14] . In the search for the Majorana fermion, efforts have been made to contact a topological insulator (TI) to a superconductor (S). Supercurrents in S-TI-S junctions have been reported [15] [16] [17] . The combined evidence for a ballistic Josephson supercurrent and the presence of topological surface states, show that topological Josephson junctions can be made, despite the presence of a conductivity shunt through the bulk of the TI crystal [17] .
In this Letter, we demonstrate dc SQUIDs consisting of Josephson junctions with topological insulator surface states as barrier layer. These interference devices potentially serve as a basis to detect the Majorana fermion. Majorana bound states may appear in the vortex of a topological superconductor and at S-TI interfaces [11, 13] . In the latter, time reversal symmetry in the topological insulator needs to be broken, for example by incorporating a magnetic insulator layer or by applying an external magnetic field. Intriguing devices are proposed to identify the appearance of this exotic particle [11] [12] [13] 18] . Since the Majorana fermion is charge neutral and is a zero energy state, most proposals rely upon quantum interference devices. For example, a current-phase relationship with a 4π periodicity [11] might result from the interplay between the Majorana fermion and a superconductor. We therefore study the current-phase relationship of the topological dc SQUID. Figure 1 shows two superconductor Nb -topological insulator Bi 2 Te 3 dc SQUIDs fabricated on one Bi 2 Te 3 flake. We have fabricated polycrystalline Bi 2 Te 3 samples with a common c-axis orientation using the Czochralski method as described elsewhere [19] . Using mechanical exfo- As expected, the SQUID modulation frequency is much larger than that of the individual junctions, see Fig. 4 . A SQUID oscillation corresponds to 1.9 µT, while the critical current of the junctions is suppressed at 350 µT. This corresponds to about 180 SQUID oscillations in a junction oscillation, which is slightly lower than expected by comparing the enclosed areas. However, for the enclosed area of a junction, the Josephson penetration depth and flux focussing has to be included, which increases the junction effective area [17] .
Since the supercurrent is carried by topological surface states [17] we can study the current-phase relationship of toplogical junctions by means of our dc SQUID. In a dc SQUID with topological insulator surface states as interlayers, the phase difference over the junctions due to a given field is equal to a standard SQUID. However, the presence of Majorana fermions can cause a I c = I 0 sin(φ/2) junction current-phase relation, resulting in a 4π periodic dependence of the junctions [11] . To test the periodicity of the SQUID, the magnetic field from the coil is calibrated with a Hall sensor and the effective area of the junction, 920µm 2 , is estimated using the square washer approximation [20] . A 2π periodic dependence within 7 % accuracy is calculated, enough to exclude 4π periodicity. The absence of a 4π periodic dependence might result from the absence of a ferromagnetic insulator (breaking time reversal symmetry), or due to relaxation to equilibrium states as was predicted theoretically [23, 24] .
In conclusion, we have demonstrated the Nb-Bi 2 Te 3 SQUIDs. As shown previously, the supercurrent is carried by the topological surface states, thereby allowing the study of the current-phase relationship of superconductor-topological insulator structures. From the V-φ characteristics we deduced a 2π current-phase relationship. The high reproducibility allows to study the noise properties of these devices in future experiments and to eventually include magnetic insulators in order 
